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<«STRACT 


Snow  caches  provide  good  temperature  control  for  conifer 
nursery  stocky  which  generally  requires  that  storage  temperatures 
be  just  above  freezing  and  maintained  with  minimum  fluctuation. 
Temperatures  amid  boxed  trees  were  measured  within  a  pit  snow 
cache 3  a  culvert  snow  cache,  and  a  refrigerated  cooler.  Tempera- 
tures were  lowest  in  the  pit  snow  cache  and  highest  in  the 
nursery  cooler.     Temperature  fluctuations  within  boxes  were 
much  more  pronounced  in  the  nursery  cooler  than  in  either  snow 
cache.    Also  determined  were  prevailing  temperatures  within 
three  kinds  of  tree  packages  stored  in  the  pit  snow  cache. 


For  many  years,  National  Forest  personnel  in  the  Intermountain  Region  have  stored 
nursery  stock  in  snowbanks.    Packaged  trees  are  placed  in  caches  soon  after  being 
lifted  from  nursery  beds  in  early  spring  (late  February  to  early  April)  and  are  kept 
there  until  stock  is  planted  (early  April  to  mid-July,  depending  on  location) .  When 
such  caches  have  been  properly  prepared,  vigor  of  stored  trees  has  been  successfully 
maintained.    However,  when  large  snow  caches  are  needed,  heavy  equipment  is  required 
to  construct  the  cache  and  to  open  snow-clogged  roads  in  early  spring.    This  is  a 
costly  operation  in  remote  areas. 

To  avoid  some  costs,  Payette  National  Forest  personnel  transported  trees  on 
oversnow  machines  and  stored  them  in  pipe  culverts  (5  feet  in  diameter  and  20  feet  in 
length)  that  had  been  placed  close  to  the  planting  site  the  previous  fall.     In  this 
way,  trees  can  be  stored  near  remote  planting  areas  without  entailing  the  use  of  heavy 
equipment  or  large  crews.     Results  of  a  small  test  the  spring  of  1970  were  encouraging. 
An  expanded  culvert  storage  of  800,000  trees  in  1971  also  was  successful. 


Respectively,  Silviculturist ,  Intermountain  Station,  Boise,  Idaho;  Silviculturist , 
Regional  Office,  Intermountain  Region,  Ogden,  Utah;  Nurseryman,  Lucky  Peak  Nursery, 
Boise,  Idaho;  and  Silviculturist,  Regional  Office,  Alaska  Region,  Juneau,  Alaska. 


Some  people  consider  snow  storage  to  be  a  primitive  and  costly  procedure,  and 
believe  that  refrigerated  storage  facilities  should  be  expanded  at  nurseries  or  built 
at  central  locations.     Certain  stock-handling  advantages  result  from  artificial 
refrigeration,  but  the  risks  of  mishandling  are  increased  during  a  long  trip  to  the 
planting  site  in  hot  weather. 

Before  costly  improvements  in  transportation  and  storage  facilities  are  made,  the 
storage  environment  needed  to  keep  trees  in  condition  for  good  survival  and  growth 
after  planting  must  be  determined.     For  instance,  little  is  known  about  the  environment 
within  properly  prepared  snow  storage  facilities  compared  to  that  of  refrigerated 
storage  facilities.     As  a  step  toward  acquiring  such  knowledge,  a  study  of  tempera- 
tures in  three  different  storage  facilities  was  conducted  in  Idaho  during  the  spring 
of  1972. 

OBJECTIVE 

The  primary  study  objective  was  to  determine  temperature  regimes  near  root  mass 
centers  in  packages  of  tree  seedlings  stored  in  (1)  a  conventional  pit  snow  cache, 
(2)  a  preplaced  culvert  pipe  snow  cache,  and  (3)  a  storage  cooler  at  the  Lucky  Peak 
Nursery  near  Boise,  Idaho. 

A  second  objective  was  to  determine  temperatures  prevailing  within  three  different 
kinds  of  tree  packages  in  a  pit  snow  cache. 

METHODS 

Ponderosa  pine  [Pinus  ponderosa  Laws.)  was  used  in  all  storage  comparisons.  All 
trees  were  lifted,  sorted,  packaged,  and  stored  at  the  nursery  by  March  31,  1972. 
Trees  to  be  stored  in  the  snow  were  delivered  April  12  by  refrigerated  truck  to  cache 
locations  on  the  Payette  National  Forest  administrative  site,  McCall,  Idaho.  McCall, 
which  has  an  altitude  of  5,025  feet,  recorded  171  inches  of  snowfall  from  Sept.  29, 
1971,  to  April  12,  1972.    Trees  for  refrigerated  storage  were  kept  at  the  Lucky  Peak 
Nursery . 

Comparison  between  storage  facilities  was  made  with  trees  packaged  in  2-mil-thick 
polyethylene  bags,  which  were  placed  inside  cardboard  boxes.     In  the  pit  snow  cache, 
we  monitored  temperatures  in  three  kinds  of  packages:   (1)  wooden  tree  crates;   (2)  poly- 
ethylene-lined bags  (1/2-mil- thick  polyethylene  coating  on  inner  surface  of  3-ply 
paper  bag);  and  (3)  2-mil-thick  polyethylene  bags  inside  cardboard  boxes. 

Tree  packages  were  stacked  in  arrangements  ordinarily  used  by  Payette  Forest  and 
Lucky  Peak  Nursery  personnel. 

Pit  snow  cache . --This  cache  comprised  three  rows  of  five  stacks  each.  Stacks 
were  spaced  about  1  foot  apart  and  rows    2  feet  apart.     Boxes  were  stored  in  the  first 
row,  bags  in  the  second,  and  crates  in  the  third.    Each  stack  of  boxes  was  one  box 
wide  and  three  boxes  high;  2  by  4's  were  placed  on  edge  between  each  tier.     A  stack  of 
bags  consisted  of  four  bags;  the  two  lower  bags  were  separated  from  the  two  upper 
ones  by  about  1  foot  of  snow  and  some  boards  across  the  trench.     A  stack  of  crates  was 
also  four  high,  but  2  by  4's  placed  on  edge  separated  the  two  top  crates  in  each  stack. 

A  chromel  alumel  thermocouple  was  placed  near  the  center  of  the  root  mass  in  each 
type  of  package.     An  instrument  was  placed  in  each  of  the  three  boxes  in  stacks  1,  3, 
and  5;  in  the  bottom  and  third  bags  in  stacks  1,  3,  and  5;  and  in  each  of  the  four 
crates  in  stacks  1,  3,  and  5  (fig.   1).     Thermocouple  leads  were  long  enough  to  reach 
outside  the  cache  after  it  was  closed;  consequently,  all  temperature  readings  were 
obtained  without  disturbing  the  cache. 
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THERMOCOUPLES  THERMOCOUPLES  THERMOCOUPLES 


I    I 


END  VIEW  TOP  VIEW 


*--  THERMOCOUPLE  PLACED  IN  THESE  PACKAGES  IN  STACKS  1,  3,  &  5 


Figure  1. — Arrangement  of  boxes 3  bags3  and  orates  within  the  pit  snow  cache. 


Snow  was  shoveled  between  all  the  packages,  and  then  an  end  loader  was  used  to 
cover  the  cache  in  depth.    The  storage  area  was  then  insulated  to  deter  melting. 

Culvert  snow  cache .  - -During  the  winter,  the  pipe  was  buried  under  several  feet 
of  snow  that  slipped  from  the  north  side  of  a  warehouse  roof.    .An  entry  was  dug,  and 
the  pipe  was  then  filled  with  five  stacks  of  boxes.    A  stack  was  three  boxes  wide  and 
three  boxes  high.     Thermocouples  were  placed  in  stacks  1,  3,  and  5;  only  the  four 
corner  boxes  in  each  of  these  stacks  were  not  instrumented  (fig.  2)  .  Thermocouples 
also  measured  air  temperature  between  boxes  and  pipe  at  the  top,  the  bottom,  and  on 
both  sides  of  stacks  1,  3,  and  5.     Leads  were  run  to  the  outside,  and  the  cache  entry 
was  closed  with  snow. 

Nursery  cooler .--Boxes  of  trees  were  stacked  on  one  pallet  for  storage  in  the 
nursery  cooler.    The  stack  had  four  tiers  of  four  boxes  each.    A  thermocouple  was 
placed  in  the  middle  box  of  each  tier  (fig.  3) .    A  thermocouple  was  used  to  measure 
ambient  air  temperature  also. 

Other  duties  and  equipment  difficulties  prevented  us  from  taking  regular  measure- 
ments until  the  12th  day  of  storage  at  McCall  and  the  15th  day  of  storage  at  Lucky 
Peak.     Thereafter,  thermocouples  were  read  3  days  a  week  at  McCall  and  daily,  except 
for  weekends,  at  Lucky  Peak.     Measurements  stopped  when  trees  were  first  taken  from 
the  caches  or  were  shipped  from  the  nursery.     Outside  air  temperatures  during  the 
storage  period  were  obtained  from  established  weather  stations  at  Lucky  Peak  and  McCall. 
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THERMOCOUPLES        THERMOCOUPLES  THERMOCOUPLES 
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END  VIEW  SIDE  VIEW 


*--  LOCATION  OF  THERMOCOUPLES  AT  STACKS  1,  3,  and  5. 


Figure  2. — Arrangement  of  boxes  and  thermocouples  within  the  culvert  snow  cache. 


BOX  WITH  A  THERMOCOUPLE 


Figure  Z.— Arrangement  of  the  16  boxes  stacked  on  a  pallet  in  a  nursery  cooler. 
A  thermocouple  was  placed  in  the  middle  box  of  each  tier. 
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RESULTS 


Comparison  of  Storage  Facilities 

Mean  temperatures  amid  boxed  trees  were  generally  lowest  in  the  pit  snow  cache 
and  highest  in  the  nursery  cooler  (fig.  4) .     Temperatures  amid  culvert-stored  trees 
were  intermediate,  averaging  about  1  degree  warmer  than  those  in  the  pit  snow  cache. 

Temperatures  within  boxes  fluctuated  more  in  the  nursery  cooler  than  in  the  snow 
caches  (fig.  4) .    The  following  tabulation  indicates  the  range  of  individual  tempera- 
ture measurements  and  their  means  for  the  storage  period. 


Tempera ture  (°F) 


Number  of 

Mean 

Storage 

thermocouples 

Range 

Mean 

ambient 

Pit  snow  cache 

9 

32-36 

34 

32 

Culvert  snow  cache 

15 

33-37 

35 

33 

Nursery  cooler 

4 

34-42 

38 

37 

The  temperature  deviations  in  the  nursery  cooler  appeared  to  be  influenced 
strongly  by  outside  temperatures  (fig.  5) ,  an  indication  that  refrigeration  equipment 
was  inadequate  or  responded  too  slowly  to  outside  changes.     Equipment  modifications 
have  been  made  to  insure  more  constant  temperatures. 


Figure  4. — Mean  temperatures  of  boxed  trees  were  lower  in  the  snow  caches 
than  in  the  nursery  cooler.     Curves  stop  when  the  first  study  trees 
were  removed  from  the  caches  or  from  the  nursery. 
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Figure  5. — Fluctuations  in  mean  temperatures  amid  boxed  trees  and  in 
room  temperatures  apparently  were  influenced  by  daily  maximum 
temperatures  of  the  outside  air. 
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Figure  6. — In  the  pit  snow  cache,  mean  temperatures  amid  the  roots  were 
highest  for  crated  trees  and  lowest  for  bagged  trees. 


Comparison  of  Packages 


In  the  pit  snow  cache,  mean  temperature  in  crates  (35°F)  was  higher  than  that  in 
boxes  (34°F),  which,  in  turn,  was  higher  than  that  in  bags  (33°F) .    These  differences 
prevailed  throughout  much  of  the  storage  period  (fig.  6) .     Arrangement  within  a  stack 
appeared  to  have  little  effect  on  temperatures  within  the  container  (table  1) . 


Table  1 . — Mean  temperatures  within  tree  packages  by 
position  within  a  stack,  pit  snow  cache 


Position 

Temperature  (°F) 

Crate 

:            Box  : 

Bag 

Top  tier 

35 

Second  tier 

36 

34 

33 

Third  tier 

35 

34 

Bottom  tier 

35 

34 

33 

DISCUSSION  AND  CONCLUSIONS 

This  study  demonstrates  that  satisfactory  storage  temperatures  can  be  maintained 
in  snow  caches.     Lower  and  more  uniform  temperatures  were  maintained  amid  packaged 
trees  in  both  snow  caches  than  under  existing  conditions  in  the  nursery  cooler. 
Satisfactory  storage  conditions  can  be  provided  by  artificial  refrigeration,  but 
•equipment  must  be  adequate  to  maintain  uniformly  low  temperatures.    Admittedly,  the 
effects  of  different  storage  environments  on  survival  and  growth  of  outplanted  trees 
should  be  studied  thoroughly,  but  our  data  show  that  properly  prepared  snow  storages 
can  provide  good  conditions  for  holding  trees  until  planting  time. 

Though  temperatures  inside  crates  of  trees  were  only  1  to  2  degrees  warmer  than 
temperatures  in  bags  of  trees,  this  difference  might  affect  survival  and  growth  in 
some  species.    At  temperatures  around  freezing,  small  changes  in  temperature  have 
relatively  large  effects  on  respiration  and  depletion  of  food  reserves--and  conceivably 
could  affect  survival,  especially  after  long  storage  periods. 

Research  is  needed  to  determine  more  precisely  the  best  packaging  and  storage 
regime  for  each  species.    Preliminary  results  of  a  study  of  trees  stored  in  the  Lucky 
Peak  Nursery  cooler  indicate  that  some  species  survive  and  grow  better  after  storage 
in  crates,  whereas  others  do  better  after  storage  in  boxes  and  bags.    Similar  studies 
of  trees  held  in  snow  caches  are  needed. 

Successful  storage  of  nursery  stock  in  snow  depends  on  proper  location,  installa- 
tion, and  maintenance  of  the  caches.     Many  observed  failures  of  snow  caches  in  the 
Intermountain  Region  were  attributable  to  improper  location  and  preparation.  A 
companion  article  is  being  prepared  that  will  explain  how  to  locate  sites  for  and 
install  snow  caches. 
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